Introduction: Because of increasing numbers of patients with diseases that cause dementia, primary care physicians must use efficient assessment procedures in their clinics. Important advantages of screening for dementia include determination of the patient's cognitive capacity to participate competently in his/her own medical care and early diagnosis, which enables administration of medications that preserve some cognitive functions.
primary care physicians (PCPs) are bracing for an increase in numbers of patients diagnosed with Alzheimer disease (AD) and related dementias. Current estimates of AD prevalence vary from 4.5% to 16 .8% for patients older than 65 years; however, epidemiologic studies indicate future prevalence and dementia-related resource usage may be higher than current estimates. 5 Some have questioned the efficacy and public health need for large-scale screening of the elderly for dementing illnesses. 6 However, the lay press is replete with warnings that "dementia often goes undiagnosed in primary care
settings," 7 and these warnings receive support from evidence-based studies. 8 There are distinct advantages to screening for dementia at the primary care level of practice. Early diagnosis enables the physician to administer medications that slow disease progression 9, 10 and to assist the patient and family members in planning for diminished capacity while the patient is still able to participate in decision-making. 11 In addition, primary care physicians need to know whether their patients can give accurate histories or can be relied on to participate in their own medical care, including taking medications as directed. Patients with dementia often have intact but superficial social and communication skills that, if accompanied by loss of insight, may mask their cognitive decline from casual observers and interfere with their ability to assist the physician in their medical care. In addition, physicians are concerned about offending less insightful patients regarding their current cognitive deficiencies and about obtaining confidential information from family members. Physicians also must weigh how much clinic time is needed to administer screening instruments that assess a patient's cognitive and behavioral status against the benefits that accrue from these assessments in regard to patient care. From the medical consumer's point of view, the stress of caregiving encourages family members to seek a reliable way to alert the physician of important behavioral changes in the demented patient. 2, 12 In addition, it is now generally accepted that family caregivers, especially those who live with the patient, can provide important information about recent cognitive and behavioral changes in the patient that aid in the differential diagnosis of degenerative diseases that cause dementia. [13] [14] [15] With these issues in mind, we developed a set of family caregiver questionnaires, based on our experience in diagnosing patients in a University-based clinic for memory loss and dementia. The questionnaires used in assessments consist of several that are recommended by the National Alzheimer's Coordinating Center (NACC), but some were modified for use by untrained family caregivers.
For example, the Clinical Dementia Rating (CDR) 16, 17 is very useful when assessing patients for dementia. To properly administer this instrument, up to 10 hours of training is needed on the Washington University School of Medicine Alzheimer's Disease Research Center web site. 18 It is a highly reliable clinical staging assessment for dementia that uses semistructured interviews of the patient and a reliable collateral source. It is conducted by a clinician who rates 6 domains of cognitive and functional performance: memory (recent and long-term), orientation, judgment and problem solving (including insight), community affairs, home and hobbies, and personal care. Each domain is scored, and an overall CDR score is arrived at by a standard algorithm to stage the patient's level of impairment: 0, no impairment; 0.5, very mild impairment; 1, mild dementia; 2, moderate dementia; and 3, severe dementia. After using this instrument on approximately 400 patients/caregivers, we noticed a set of symptoms, including behavioral abnormalities for each of the 6 categories, that were mentioned consistently by family members of patients with dementia during the interview process. We turned those observations into a caregiverfriendly questionnaire for family members to fill out about the patient during the multidisciplinary assessment. In this modified CDR, 5 concrete examples of possible patient behaviors were added to each of the 6 major and 2 minor categories of patient functioning. The first 3 statements in each category were clear signs of dementia, and the last 2 could be observed in either mild impairment (CDR level 0.5) or clinical depression. For all 8 categories, a score of "1" was assigned to each of the first 3 symptoms marked by the caregiver, whereas the last 2 symptoms were scored only 0.5 even if both were marked. Scores for all the categories were totaled and divided by 8 to arrive at a mean score based on family member observations of the patient (Appendix). This is not the scoring algorithm used in the original clinical interview, but it served our purpose in screening new patients for dementia. In addition, results of administering and scoring the CDR clinical interview in the traditional manner were recorded so comparisons could be made at a later date.
Another questionnaire, the Frontal Behavioral Inventory (FBI), 19 was formed from lists of symptoms common to frontotemporal dementias in which behavioral and personality changes are prominent. The original FBI has now been standardized and is more effective in detecting frontotemporal dementias than traditional neuropsychological testing. 20 -22 We adapted the list of symptoms for use by poor readers and those with limited education; the family caregiver rates the patient on each of 24 frontotemporal symptoms using a 4-point Likert scale (0, no symptoms; to 3, severe symptoms). These scores are totaled for the entire instrument, with a maximum score of 72.
A third instrument, the caregiver burden versus satisfaction questionnaire, 23 reveals positive and negative attitudes about caregiving. It can also be used in statistical analyses if an individual index score is derived by subtracting the total burden score from the total satisfaction score. Thus, if the satisfaction score is much larger than the burden score, caregiving is not stressful, and the index score will be large. If burden is similar to satisfaction, caregiving is stressful, and the index number will be a small positive or negative number. The burden score alone also gives important information about how stressful it is for family members to care for the patient.
The Yesavage Geriatric Depression Scale 24 was used to assess the elderly spouse caregiver who filled out the forms about the patient. If a spouse is suffering from significant depressive symptoms (Ͼ9 of 15 points on the shortened form), then the reli-ability of the patient questionnaire information may be suspect, because depressed persons often see the world as more negative than it really is. Therefore, the patient may not be as ill as the caregiver reports. Five such cases were encountered. They were not included in analyses reported here, and the caregivers were referred for evaluation and treatment of depression.
Another instrument used during the multidisciplinary assessment was a caregiver stress symptom inventory (stress warning signals) adapted from the Stress Perception Scale by Herbert Benson at Harvard University (unpublished). Family caregivers simply checked their current symptoms of distress according to 6 domains: physical, emotional, spiritual, behavioral, cognitive, and relational. The number of symptoms was totaled to yield the caregiver's stress score. This instrument alerted the medical team about the family caregiver's potential health risks from excessive stress.
After observing the apparent efficacy of these instruments in the clinic, we pursued more objective data by conducting an accuracy study of these questionnaires in screening for dementia. The hypothesis tested was formulated after questionnaire development and use but before data collection. The explicit purpose was to formulate a screening device for use in primary medical care settings, to aid in the early diagnosis of diseases that cause dementia.
Methods
Data in the University of Oklahoma Health Sciences Center (OUHSC) dementia database is compiled continuously from medical records of consecutive patients assessed and treated at the University of Oklahoma Physicians Center for Memory Loss and Dementia (CMLD). Patients seen in this clinic must be referred by a primary care physician (PCP) or another physician who suspects that the patient may have a disease that causes dementia. However, not all patients evaluated in this clinic have a true degenerative disease that causes dementia; ϳ17% of these referred patients have been found to suffer from other neurological diseases that share some of the symptoms of dementia (meningitis, stroke, depression, low levels of thyroid hormone, low levels of vitamin B 12 , overmedication toxicity, etc). Our de-identified, Institutional Review Board-approved database contains information on more than 330 subjects who have agreed to participate (CDR level Յ1.0) or whose participation is approved by the patient's designated Power of Attorney. Using the Teleform information system (Verity Inc., Sunnyvale, CA), medical record forms are scanned to enter relevant medical information directly into the database that includes demographic, neurobehavioral testing, neurological examination, and diagnostic information. JMP Statistical Discovery software (SAS Institute, Cary, NC) was used to analyze the data. In addition to specific diagnoses, patients were classified as: (1) demented (AD, Huntington disease, Lewy body disease, Pick disease, frontotemporal, corticobasal ganglionic degeneration, vascular dementia) or (2) not demented (age-associated cognitive decline, mild cognitive impairment, depression, stroke, seizures, encephalitis, overmedication toxicity, or other nondegenerative neurological disorders). This was done for the purpose of answering the research question: "Can questionnaires completed by a family caregiver about the patient differentiate between patients with dementia and patients without dementia but with other neurological disorders?"
Traditional clinical interviews were conducted with family members by the primary author, especially focusing on clarification of inconsistencies in their questionnaire answers. All caregiver questionnaire results were compared with a cognitive screening instrument administered to the patient; the Mini-Mental State Examination (MMSE) is a widely used and accurate predictor of cognitive impairment among differing racial groups. 25, 26 Although conflicting data exist regarding the diagnostic efficacy of combining family questionnaires with direct patient assessment, it seems that the choice of instruments and caregiver characteristics make a difference in the accuracy rate. [27] [28] [29] Information from CMLD questionnaires was subjected to statistical analyses in relation to each patient's diagnosis and dementia status, arrived at from our multidisciplinary assessments.
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Statistical Tests Used
Continuous variables, such as patient age, were subjected to regression analyses if the variables were parametric. Categorical (nominal) variables, such as dementia status (yes or no), were analyzed using both analysis of variance (ANOVA) and logistic regression methods. Calculations completed automatically in the JMP statistical program for ANOVAs, such as "CDR ϫ dementia," include the number of respondents for each level of the categorical variable, the mean of the responses, the standard error (a pooled estimate of error variance), and figures for the lower 95% and upper 95% of scores for each level. Thus, behaviorally relevant information about cutoff points for each categorical variable is available.
When analyzing the ability of several variables to predict a single effect, the whole model fit computation is similar to the ANOVA for continuous responses; its resulting table shows tests that compare the whole model fit to the model that omits all the regressor effects except the intercept parameters.
The computed R 2 figure describes how much of the measured effect can be attributed to the variable(s) tested. The effect size is measured by several statistics (R 2 , r 2 , 31 R 2 Adjusted is a more conservative strength of association measure than R 2 because it subtracts out the statistical variance related to the SEM. In this study, logistic regression was used to compute the final effect; it fits nominal Y responses to a linear model of X predictors. A nominal model rarely has a high R 2 , but it is the best overall estimate of the effect size of the relationship between variables analyzed in the study.
Results
Information about percentages of each category/ diagnosis from the entire OUHSC database is summarized in Table 1 . All variables used in this study were parametric. Expected numbers of patients with and without dementia, classified according to sex or ethnic group, were found, indicating that the database information is similar to other published data from specialized dementia clinics, 32, 33 and to Oklahoma population figures from the latest census 34 (except for Native Americans who are often seen in their own tribal hospitals in Oklahoma). Neither ethnic group (P Ͻ .86) nor sex (P Ͻ .64) differentiated between patients with and without dementia. However, patients with dementia in our database were significantly older than patients without dementia (P Ͻ .007). The mean age of the patients with dementia was 72.3 years, and the mean age of patients without dementia was 66.4 years, but the effect size (R 2 Adjusted) of the ANOVA analysis "demented ϫ age" was negligible at 0.04. Table 2 summarizes statistical analyses of these dependent and independent variables, and Table 3 summarizes analyses of the relationships between covariates in the study.
Another ANOVA analysis showed that MMSE scores were significantly different by dementia status despite a very wide range of educational achievement among database participants (6 to 20 years of formal education). Of patients diagnosed as demented, 95% scored 20 points or less and 95% of patients without dementia scored more than 24 points (Table 2) . However, the effect size (R 2 Adjusted ϭ 0.28) is only moderate and reflects the poor ability of MMSE to detect diseases that cause dementia that begin with predominantly behavioral and personality changes (eg, Lewy body disease, frontotemporal dementias, etc) as opposed to memory deficits. Huntington disease 4
Mild cognitive impairment 9
Depression 8
Other neurological diseases 10 * Does not equal 100% because of mixed racial identity reported by citizens.
Several questionnaires were used to elicit information from family caregivers about themselves and about behavioral changes in the patient during CMLD multidisciplinary diagnostic assessments: the modified CDR, modified FBI, Caregiver Burden and Satisfaction Scale, UCLA Neuropsychiatric Inventory, 36 Beck Depression Inventory 37, 38 (for use with younger caregivers), Yesavage Geriatric Depression Scale, 24 and the Stress Warning Signals. Instruments used that were not changed or adapted for use at the CMLD include the UCLA Neuropsychiatric Inventory, 36 Beck Depression Scale, 37, 38 and Yesavage Depression Scale. 24 Again using ANOVA, scores derived from the modified CDR were significantly different for neurology patients with and without dementia. Of patients with dementia, 95% scored Ն1.6; of patients without dementia, 95% scored of Յ0.4, as rated by their family members (Table 2 ). These figures were the same for the traditional CDR staging algorithm scores. The scores of the modified CDR were compared with the traditional CDR; Pearson 2 analysis showed no significant difference between the 2 scoring systems (P ϭ .75) on any of the 4 staging levels: level 0 (P ϭ .10); level .5 (P ϭ .17); level 1 (P ϭ .33); level 2 (P ϭ .32); level 3 (P ϭ .17). A linear regression of the 2 scoring systems resulted in a highly significant association [R 2 Adjusted ϭ 0.83, P Ͻ .0001]. However, the statistical correlation between the 2 scoring systems earned by patients without dementia (r ϭ 0.51; R 2 ϭ 0.26) was not as robust as the correlation of the scores earned by patients with dementia (r ϭ 0.84; R 2 ϭ 0.71). Analyses of 2 other questionnaires showed scores that were significantly different by dementia status (Table 2 ). For the modified FBI questionnaire, 95% of patients with dementia scored 19 or more points, whereas 95% of patients without dementia scored less than 7 points. For the Caregiver Burden and Satisfaction Questionnaire, 95% of caregivers of patients with dementia had index scores of 26 or less, whereas 95% of caregivers of patients without dementia had index scores of 30 points or more. However, no significant ability to predict dementia status was found in 4 of the questionnaires used in our clinic assessments: the UCLA Neuropsychiatric Inventory, Beck, Yesavage, and Stress Warning Signals (Table 2) . One explanation for the unexpected poor performance of the UCLA was that many family members stated it was "too hard to read" (only 117 family caregivers completed that questionnaire).
Analyses of the association between one measure of caregiver observations (modified CDR) and the MMSE are also meaningful. Linear regression analysis of CDR ϫ MMSE for all patients showed a significant association (Table 3 ). But this negative correlation was significant for patients with dementia only (r ϭ Ϫ.70; R 2 ϭ 0.49; P Ͻ .0000). No significant correlation was found between CDR and MMSE scores for the patients without dementia (r ϭ Ϫ.23; R 2 ϭ 0.05; P ϭ .065). Analyses of the relationships among the instruments noted above indicates that the patient screening instrument (MMSE) and the family questionnaires (modified CDR, modified FBI, and the Burden score) are all significantly associated but that each individual questionnaire assesses different aspects of patient behavior (Table 4) . They may each be used independently to predict dementia. However, their joint use provides much greater predictive power.
We subjected our data to a Nominal Logistic Regression (whole model fit) to determine how well the combined questionnaires and the MMSE predicted dementia. Predictors that contributed significantly to the clinical categorization included:
(1) MMSE, (2) modified CDR, (3) modified FBI, and (4) Caregiver Burden score; use of these 4 variables in the analysis resulted in the most robust effect size [R 2 Adjusted ϭ 0.81, df ϭ 4, 2 ϭ 39.9, P Ͻ .0001]. This very large effect size indicates that the combination of instruments reliably differentiates between patients with and without dementia with a high degree of accuracy, explaining 81% of the variance in the data. Each individual instrument, or variable seems to be insufficient to predict reliably whether a patient is demented or not, but their combined use predicts very accurately which patients will later be diagnosed with a degenerative disease that causes dementia (see Table 2 for R 2 effect sizes).
Discussion
This complete instrument (caregiver questionnaires and a patient test) reliably detects patients who are demented, even in comparison with other neurologically ill patients. The behavioral and cognitive differences between patients frequently seen in primary practice settings (mildly demented and neurologically healthy) are easier to detect than between patients with dementia and those with other neurological disorders. 39 Therefore, this instrument may be useful for PCPs who must decide which patients need referral for specialized assessment and disease management or must manage such patients themselves when specialized dementia clinics are not available/acceptable to some patients. Although general screening of all primary practice patients is not cost-effective, this instrument allows concerned family members to alert the patient's PCP about a decline in competence and/or disturbing changes in personality that herald certain diseases that cause dementia. Often these symptoms are not displayed in the context of the primary care office; family feedback about such changes is the only way to detect early stages of diseases that cause dementia, when specialized treatment is most effective.
At present, the packet named Dementia Screening Questionnaire may be used in clinic waiting rooms when family members need to communicate with the physician about changes in the patient's behavior, memory, and/or judgment (Appendix). Support staff or nurses can easily score these questionnaires in approximately 5 minutes. If significant scores are noted on any of the questionnaires, then use of time to administer the MMSE (approximately 5 to 10 minutes) by a physician or nurse may be warranted. This screening instrument can be used efficiently by a PCP to determine the patient's need for further detailed evaluation.
This study describes a post hoc analysis of a family caregiver questionnaire designed for use in a specialized dementia clinic in which patients are screened and referred by PCPs. Although this instrument has not been formally assessed in a primary care setting, the authors felt the urgency of providing patients with dementia with proper treatment as early as possible in the disease process warranted disclosure of these results now. It is a reliable tool that complements other assessments used by the PCP. This screening instrument is not intended for general use with every patient seen in a primary care setting, but it can be used when the patient's behavioral changes warrant extra assessment. Including the family (spouse or adult children who know the patient very well) in the assessment process is not without problems, but it often yields very important information about subtle changes in cognition and behavior that cannot be collected in any other way. Acceptability of the family caregiver questionnaire for each private practice setting has yet to be determined and may vary by the ability of family members to read and understand the judgments they must make about the patient. However, the educational levels represented in the OUHSC dementia database range from 6 to 20 years; therefore, this instrument seems to be sufficient and tolerable for those with restricted reading comprehension. Thus, this instrument package (including the MMSE) is another resource available to physicians who treat those at risk for diseases that cause dementia: middle-aged and elderly patients.
The instrument's main limitation is that it cannot determine which disease the patient suffers from. That differentiation requires a detailed multidisciplinary assessment by the PCP or in a specialized dementia clinic. Further analyses of this instrument should include use in a primary care setting and could include a blinded scoring of the questionnaire, separate from its use within the specialized dementia clinic setting where its diagnostic use has been demonstrated. However, the objective nature of the scoring of all questionnaire responses (either yes or no to each item) means that the questionnaire results are not likely to change. Refinements of the sensitivity of individual questions and their acceptability to most levels of reading comprehension are planned for the future. In the meantime, this instrument may be useful to PCPs who must manage the myriad health needs of large numbers of elderly patients.
